In this paper, we point out that the 4-vector force exerted on a particle by another particle is always in the direction orthogonal to the 4-vector velocity of the exerted particle in 4-dimensional space-time, rather than along the line joining the couple of the particles. This inference is obviously supported from the fact that the magnitude of the 4-vector velocity is always a constant. This orthogonality brings out many new aspects for force concept. In this paper it is found that the Maxwell's equations can be derived from classical Coulomb's force and the orthogonality; some gravitational effects can also be explained in terms of the orthogonality between 4-vector gravitational force and 4-vector velocity, the results are the same as the general theory of relativity.
Introduction
In the world, almost everyone knows that Coulomb's force (or gravitational force) acts along the line joining a couple of particles, but this knowledge is incorrect in the theory of relativity. Since the direction of Coulomb's force and the direction of gravitational force have never been appropriately stated in physics textbooks, it is necessary in this paper to clarify some basic aspects of the Coulomb's force and gravitational force.
In an inertial Cartesian coordinate system S : (x 1 , x 2 , x 3 , x 4 = ict), consider a particle moving at the 4-vector velocity u, where u has the four components (u µ , µ = 1, 2, 3, 4 ) [1] , the magnitude of the 4-vector velocity u is given by
where since the Cartesian coordinate system S is a frame of reference whose axes are orthogonal to one another, there is no distinction between covariant and contravariant components, only subscripts need be used. Here and below, summation over twice repeated indices is implied in all case, Greek indices will take on the values 1,2,3,4.
The above equation is valid so that any force can never change u in the magnitude but can change u in the direction. We therefore conclude that the Coulomb's force or gravitational force on a particle always acts in the direction orthogonal to the 4-vector velocity of the particle in the 4-dimensional space-time, rather than along the line joining a couple of particles. Alternatively, any 4-vector force f satisfy the following orthogonality
Although the orthogonality has occasionally appeared in some textbooks [2] , in the present paper, Eq.(2) has been elevated to an essential requirement for the definition of force, which brings out many new aspects for Coulomb's force and gravitational force.
Coulomb's Force and Maxwell's Equations

Coulomb's force and Lorentz force
Suppose there are two charged particle q and q ′ locating at the positions x and x ′ respectively in the Cartesian coordinate system S, and moving at the 4-vector velocities u and u ′ respectively, as shown in Figure 1 , where we have used X to denote x − x ′ . The Coulomb's force f acting on the particle q is orthogonal to the velocity direction of q, as illustrated in Figure 1 (using Euclidian geometry to represents the complex space-time), like a centripetal force, the force f should make an attempt to rotate itself about the particle path center, the center may locate at a point near the particle q ′ , (the front or back of the particle), so we assume that the force f lies in the plane of u ′ and X, then
Where A and B are unknown coefficients, the possibility of this expansion will be further clear in the next sub-section in where the expansion is not an assumption [see Eq.(25)]. Using the orthogonality f ⊥ u, we get
By eliminating the coefficient B, we rewrite Eq.(3) as
It follows from the direction of Eq.(5) that the unit vector of the Coulomb's force direction is given by
Where α refers to the angle between u and R, R ⊥ u ′ , r = |R|, u = u/ic, u ′ = u ′ /ic, R = R/r. Suppose that the magnitude of the force f has the classical form
Combination of Eq.(9) with (6), we obtain a modified Coulomb's force
By using the relation
we obtain
The force can be rewritten in terms of 4-vector components as
Thus A µ expresses the 4-vector potential of the particle q ′ . It is easy to find that Eq.(13) contains the Lorentz force. Figure 1 : The Coulomb's force acting on q is orthogonal to the 4-vector velocity u of q, and lies in the plane of u ′ and X with a retardation with respect to q ′ , here Euclidian geometry is used to illustrate the complex 4D space.
Lorentz gauge condition
It is known as the Lorentz gauge condition.
Maxwell's equations
To note that R has three degrees of freedom under the condition R ⊥ u ′ , so we have
From Eq.(14), we have
as the current density of the source. From Eq.(14), by exchanging the indices and taking the summation of them, we have
The Eq. (19) and (20) are known as the Maxwell's equations. For continuous media, they are valid as well as.
Lienard-Wiechert potential
From the Maxwell's equations, we know there is a retardation time for the electromagnetic action to propagate between the two particles, as illustrated in Figure 1 , the retardation effect is measured by
Obviously, Eq.(22) is known as the Lienard-Wiechert potential for a moving particle.
The above formalism clearly shows that the Maxwell's equations can be derived from the classical Coulomb's force and the orthogonality of force and velocity. In other words, the orthogonality is hidden in the Maxwell's equation. Specially, Eq.(5) directly accounts for the geometrical meanings of the curl of vector potential, the curl contains the orthogonality. The orthogonality of force and velocity is one of consequences from the relativistic Newton's second law.
Gravitational Force
The above formalism has a significance on guiding how to develop the theory of gravity. In analogy with the modified Coulomb's force of Eq.(10), we directly suggest a modified universal gravitational force as
for a couple of particles with masses m and m ′ respectively, the gravitational force must satisfy the orthogonality of 4-vector force and 4-vector velocity. We emphasize that the orthogonal relation of force and velocity must be valid for gravitational force if it can be defined as a force. It follows from Eq.(23) that we can predict that there exist gravitational radiation and magnetism-like components for gravitational force. Particularly, the magnetism-like components will act as a important role in geophysics and atmosphere physics.
If we have not any knowledge but know there exists the classical universal gravitation f between two particles m and m ′ , what form will take the 4-vector gravitational force f ? Suppose that m ′ is at rest at the origin, using u = (u, u 4 ), u ′ = (0, 0, 0, ic) and u · f = 0, we have
where R ⊥ u ′ , R = (R, 0), r = |R|. If we "rotate" our frame of reference in the 4-dimensional space-time to make m ′ not to be at rest, Eq.(25) will still valid because of its covariance. Then we find the 4-vector gravitational force goes back to the form of Eq.(23), like Lorentz force, having magnetism-like components.
Since there are relativistic mass and rest mass for a particle, Eq.(23) has another explanation in terms of the relativistic mass, given explicitly by
where m r and m ′ r are the relativistic masses. Which one seems robust more? the answer depends on experiments. In the following subsections, we show that Eq.(26) can gives out the same results as the general theory of relativity for gravitational problems.
Consider a planet m moving about the sun M with the 4-vector velocity u = (u, u 4 ), u = u r + u ϕ in the polar coordinate system S : (r, ϕ, ict). We assume the sun is at rest at the origin, u ′ = (0, 0, 0, ic), then from Eq.(26) the motion of the planet is governed by
where we have used the relativistic mass of the planet for the gravity. From the above equations we obtain their solutions For planet, because v/c << 1, from Eq.(32) we know that K ≃ ic and dt ≃ dτ ∞ .
gravitational red shift
According to Eq.(35), the period of oscillation of an atom at r is related to the period of oscillation of an atom at r = ∞ by
This gives the spectral shift of a photon, this effect is called the gravitational red shift [3] . 
the Perihelion advance of a planet
Differentiating with respect to ϕ ∞ gives
Since r s /r (or r s /(2h 2 /c 2 )) is a very small quantity, we neglect all but the first-order terms, we obtain
The last term on the left side of the equation is the relativistic correction, in the absence of this term the solution is
where e and ϕ 0 are constants of integration. Writing U = U 0 + U 1 , we find that Eq.(44) becomes
By inspection we see that U 1 is on oscillatory function of ϕ ∞ with the frequency
From ωφ = 2π for a cycle, we know that
Thus the perihelion advance of the planet is given by
This result is the same as that of the general theory of relativity.
The bending of light rays
Since the above solutions are independent from the planet mass m, if the planet is a photon without mass, it also satisfies the above motion like a planet. For a photon, dτ ∞ → 0, Eq.(40) becomes
Then Eq.(44) becomes
The solution of this equation gives the path of the photon, it is the same as that of the general theory of relativity. So in its flight past the massive object M of radius R the photon is deflected through an angle
in agreement with experimental observations [4] .
The bending of space
If there is not the nonlinear effect of photon flying, any straight line in the space-time is of the path of photon.
Since the light is bent in the 4-dimensional space-time for an infinite distance observer, we consequently conclude that the space will bend due to the gravitational effect mentioned above near a massive object.
Lorentz transformation
When a particle is accelerated from a rest state at the r position to a speed v state at the r ′ position by a gravitational field Φ, the 4th axis of the frame S fixed at the particle will rotates an angle θ (towards the direction of v), the frame S will become a new frame S ′ in the view on the ground, the angle is given by u 4 = ic cosh θ. From Eq.(31)
where Φ = c 2 r s /(2r ′ ) − c 2 r s /(2r) is the potential difference between S and S ′ . Since the particle is accelerated by Φ, then we have
Because the origins of S and S ′ coincide at the time t = 0, the coordinate transformations between them are
It is known as the Lorentz transformations.
Discussion
To note that the orthogonality of 4-vector force and 4vector velocity is valid for any force: strong, electromagnetic, weak and gravitational interactions, therefore there are many new aspects of mechanics remaining for physics to explore [5] .
Conclusion
This paper points out that the 4-vector force exerted on a particle by another particle is always in the direction orthogonal to the 4-vector velocity of the exerted particle in 4-dimensional space-time, rather than along the line joining the couple of the particles. This inference is obviously supported from the fact that the magnitude of the 4-vector velocity is always a constant. This orthogonality brings out many new aspects for force concept. In this paper it is found that the Maxwell's equations can be derived from classical Coulomb's force and the orthogonality; some gravitational effects can also be explained in terms of the orthogonality between 4-vector gravitational force and 4-vector velocity, the results are the same as the theory of general relativity.
